One hundred seventy-three steer calves, selected at weaning to represent USDA classifications for frame size (Large, L; Medium, M; Small, S) and muscle thickness (No. 1, No. 2, No. 3), were assigned to three finishing diets (grain, 3.03 Mcal ME/kg DM; silage, 2.46 Mcal ME/kg DM; forage, 2.06 Mcal ME/kg DM), forming a 3 • 3 • 3 factorial with unequal subclass numbers. The steers were slaughtered at constant weights corresponding to their respective frame size classifications (L = 590 kg, M = 499 kg; S = 408 kg). Individual live weights were recorded every 28 d during finishing and, following slaughter, one side of each carcass was dissected into muscle, bone and fat. Diet interacted with frame size to affect growth rate. Frame-related differences in growth rate were very pronounced among grain-fed steers (L > M > S) but became smaller in magnitude as feeding intensity was reduced. Diet also had a significant effect on percentage separable carcass fat, despite the fact that the steers were slaughtered at a similar percentage (approximately 60%) of their estimated potential mature weights. Carcasses produced by grain-finished steers were fattest, and those produced by forage-finished cattle were leanest. The comparative fatness of steers finished on silage was dependent on frame size. Within the L class, carcasses produced by silagefinished steers were comparatively lean and were similar in fatness to carcasses produced by forage-finished cattle. Conversely, S steers finished on silage produced carcasses that were comparable in fatness to carcasses from grain-finished cattle. Frame-related differences in percentage carcass fat were significant only within the silage treatment group (S > L). Differences in carcass muscle-to-bone ratio were directionally consistent with visually discernible differences in feeder cattle muscling (No. 1 > No. 2 > No. 3)-The effects of muscle thickness on muscle-to-bone ratio were most pronounced within the L class. Diet was a significant source of variation in carcass muscle-to-bone ratio (grain > silage = forage) but did not alter the relationship between muscle thickness classification and muscle-to-bone ratio.
Introduction
Currently, USDA grades for feeder cattle (USDA, 1979) are determined using visual assessments of frame size (skeletal height and length in relation to age) and thickness (thickness and shape of the musculature in relation to skeletal size). The frame size-thickness grading concept is based on the rationale that skeletal size and muscularity (two genetically determined traits that are expressed phenotypically at an early stage of development) are related to subsequent growth and carcass development in a predictable manner.
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j. Anita. Sci. 1988 Sci. .66:1942 Sci. -1954 Recent studies, conducted to characterize the relationships of feeder cattle frame size and muscle thickness to growth rate and associated changes in carcass tissue development among steers finished on a high-concentrate diet, support the validity of the frame size-thickness grading concept (Dolezal and Tatum, 1983; Tatum et aI., 1986a,b,c) . However, information is limited concerning the effect of diet on the fundamental relationships that form the conceptual framework for the current USDA feeder cattle grading system. This study was conducted to determine the effects of diet on 1) the relationship between feeder cattle frame size and growth rate during finishing, 2) the relationship of feeder cattle frame size to carcass fatness at a common degree of maturity and 3) the relationship of visually discernible differences in feeder cattle muscling to variation in carcass muscle-to-bone ratio.
Materials and Methods
Cattle. One hundred seventy-three weaned male calves (7 to 10 mo old) were purchased either directly from cattle producers or at livestock auction markets in the Rocky Mountain region. Eleven different breeds (Angus, Brown Swiss, Charolais, Hereford, Holstein, Jersey, LimousJn, Longhorn, Red Angus, Shorthorn and Simmental) were represented in the study either as purebreds or crosses. The calves were selected specifically to represent three frame sizes (Large, L; Medium, M; Small, S) described in the official U.S. feeder cattle grade standards (USDA, 1979) and the three muscle thickness designations (No. 1, No. 2, No. 3 ; No. 1 = most thickly muscled) described by the USDA (1976) .
Due to the applied nature of the study, it was deemed appropriate not to control the confounding of breed with frame size and muscle thickness that occurs naturally in the U.S. cattle population. As a result, frame size was confounded with breeds, which differed in mature size, whereas variation in muscle thickness tended to contrast calves of conventional beef breeding with those of dairy and Longhorn breeding. Such confounding effects and their implications concerning interpretation of results were discussed previously by Tatum et al. (1986b) .
Receiving and Processing. Upon arrival at the
Colorado State University research feedlot, each calf was processed. Processing included hot-iron branding, immunization, application of ear tags and castration of the few calves that had not been castrated prior to purchase. Incoming cattle received corn silage ad libitum along with 1.5 kg ground alfalfa hay, .9 kg flaked corn and .5 kg protein supplement per head daily.
Classification and Randomization. When cattle purchase and processing were completed, the steers were weighed (prior to the morning feeding), measured to determine hip height, body length, stifle thickness and forearm circumference (Tatum et al., 1986b) and probed to obtain an estimate of s.c. fat thickness (Daley et al., 1983) . Additionally, each steer was assigned to one of nine frame size X muscle
3) by a panel of five evaluators including one representative from the Livestock Standardization Branch, Agricultural Marketing Service, USDA. Frame size classification was determined by an evaluation of skeletal size (height and body length) in relation to age (USDA, 1979) . Muscle thickness classification was based on a visual assessment of thickness of the rear quarter, forearm and gaskin (due to muscle expression and independent of differences in fatness) in relation to skeletal size (USDA, 1976) . Least squares means and residual standard deviations for on-test body measurements are provided in Table 1 to characterize objectively variation in size and shape corresponding to visually discernible differences in frame size and muscle thickness (Tatum, 1986b) .
Steers in each F • M subclass were randomly assigned, by weight within source, to one of three dietary treatments (grain, 3.03 Mcal ME/kg DM; silage, 2.46 Mcal ME/kg DM; forage, 2.06 Mcal ME/kg DM), forming a 3 x 3 x 3 factorial arrangement with unequal subclass numbers (Table 2) .
Finishing. On the day before the beginning of the experimental finishing period, the steers were sorted into dietary treatment groups. Steers from all nine F x M subclasses with the same dietary designation were penned together. The steers had access to water, but they were not fed.
The following day, individual weights (24-h shrink) were recorded and the calves were started on their respective finishing diets. All three diets (Table 3) were fed ad libitum for the duration of the finishing period with two exceptions: 1) calves assigned to the grain treatment were started on a 30% concentrate diet, and the concentrate level of the diet was Tatum et al. (1986a) . bNumber of steers.
increased gradually (5% every 5 d) to 75% during the first 6 wk of the finishing period and 2) after 224 d on feed, steers assigned to the forage treatment were moved to native summer range on a ranch near the Colorado-Wyoming border; following a l12-d grazing period, the steers returned to drylot and were fed the forage diet (Table 3) ad libitum for the remainder of the finishing period.
Individual steers were segregated for slaughter when they attained a predetermined slaughter weight. Target slaughter weights (24-h shrink) were 408, 499 and 590 kg for S, M and L steers, respectively. These target weights were chosen specifically to correspond to the weights at which S, M and L steers would be expected to be similar in quality grade and carcass fatness (USDA, 1979) . Furthermore, these weights approximated points on their respective growth curves at which S, M and L steers had attained similar fractions of their potential mature size. Fitzhugh and Taylor (1971) weight expressed as a fraction of mature weight as "degree of maturity." Using literature values, Oltjen et al. (1985) projected mature body weights of approximately 670 kg, 830 kg and 990 kg for S, M and L steers, respectively. Using these weights as approximations of mature weights, steers in the present study were estimated to have attained about 60% of their potential mature weights at the time of slaughter. Individual weights were obtained every 28 d. When an animal approached the target weight, it was weighed weekly until slaughter.
Slaughter and Carcass Fabrication. Steers reaching the appropriate target weight were fasted for 24 h, weighed and transported to a small, commercial packing facility. Immediately following slaughter, hot-carcass weight was recorded and carcasses were chilled at approximately 2 ~ C. Approximately 72 h postmortem, the left side of each carcass was separated into primal and subprimal cuts, and each cut was physically separated into muscle, fat and bone (bone plus cartilage and major tendons) using procedures outlined by Abraham et al. (1980) and Tatum et al. (1986c) . Carcass side weight was expressed as the aggregate of all component weights. Component weights corresponding to a particular tissue type (muscle, bone or fat) were aggregated to provide the weights of each tissue in the entire side.
Statistical Methods. Though precautions were taken to minimize differences in slaughter weight within frame size, individual variation in shrinkage during the 24-h fasting period caused some deviations from the specified target weights. Therefore, weights of separable carcass components for each steer were adjusted linearly to the appropriate target weight. Regression coefficients used for adjustments were estimated separately for each frame size class and derived using a least squares model that included diet, muscle thickness and actual shrunk slaughter weight as a covariate. Percentage carcass fat and muscle-to-bone ratio were calculated using adjusted weights for muscle, bone and fat. The adjusted data served as input for least squares analyses.
Least squares analyses were performed using the SPSS MANOVA program (Hull and Nie, 1981) . The model included the fixed effects of diet (D), frame size (F), muscle thickness (M), all two-way interactions, and the D x F • M interaction. All tests of significance were calculated using the within plus residual error mean square. Comparisons of subclass means were tested for significance using Tukey's W procedure (Steel and Torrie, 1960) .
Results
Growth Rate. The effects of dietary treatment on weight-time relationships are depicted graphically in Figure 1 . Within each dietary treatment group, shapes of the mean growth curves for all nine F x M subclasses were extremely consistent. Consequently, growth data presented in Figure 1 were pooled across subclass to simplify graphical presentation.
Apart from subtle variations in growth rate caused by environmental influences, grain-fed and silage-fed steers gained weight at very steady rates during the entire experimental period (i.e., mean growth curves for these two dietary groups were approximately linear). Forage-fed steers, on the other hand, exhibited a more erratic pattern of weight gain.
During the initial drylot period (0 to 224 d on feed), growth for forage-fed steers was approximately linear and occurred at a rate similar to that for silage-fed cattle. On d 224, however, cattle on the forage diet were moved to pasture and lost weight during the first 28 d of the 112-d grazing period. After they became acclimated to their habitat, the steers resumed growth. However, during the last 28 d of the grazing period (308 to 336 d on feed), the steers only maintained body weight. This period of maintenance coincided with reduced ~ availability of nutrients from forage following frost. Upon return to drylot, the forage-fed cattle exhibited a brief period of compensatory growth (336 to 302 d on feed), after which growth rate declined and remained relatively steady until slaughter (Figure 1 ). Means squares from analysis of variance and least-squares means for pertinent features of subclass growth responses are provided in Tables 4 and 5 , respectively. Daily gain of each steer was calculated by dividing the difference between slaughter weight and initial weight by days on feed. Additional analyses were conducted to compare growth rates during different segments of the experimental period. However, because results of these analyses provided no additional insight into subclass growth patterns, they have been excluded from tabular presentation. Daily gains presented in this report are lower than those commonly observed for steers fed comparable diets: The depressed growth rates for steers on all three diets were caused by astandard errors of least squares means can be calculated as l/x/n X standard deviation for a trait, where n = number of steers in that particular subclass.
b'c'd'e'f'gMeans in the same column within an effect without a common superscript letter differ (P < .05).
severe winter weather (over 305 cm of snowfall were recorded during the first 200 d of the experiment) and ensuing muddy feedlot conditions. These conditions are unique to this study and may have accentuated the effects of diet and its interaction with frame size.
As expected, diet was a highly significant source of variation in daily gain and days on feed (Table 4) . Steers fed the grain diet gained fastest (P < .05) and, therefore, required the fewest (P < .05) number of days to attain their predetermined slaughter weights. Daily gain and time on feed for silage-fed steers were intermediate, and cattle on the forage diet gained slowest (P < .05) and required the longest (P < .05) feeding period (Table 5) .
Feeder cattle frame size also was associated with highly significant differences in growth rate and time on feed (Tables 4 and 5 ). Daily gains generally were highest for L steers, intermediate for M steers and lowest for cattle in the S group. However, the magnitude of differences in daily gain among the three frame sizes was dependent on diet, as evidenced by the significant D x F term in Table 4 . Differences in daily gain among L, M and S steers were most pronounced among cattle finished on the grain diet, but became smaller in magnitude as energy density of the diet decreased (Table 5 ). Variation in length of the feeding period, among cattle of different frame sizes, reflected group differences in total gain required to attain the appropriate slaughter weight. For example, S steers were nearer their target slaughter weight at the onset of the experiment and, despite their disadvantage in growth rate, required shorter feeding periods than their larger-framed contemporaries (Table 5) .
Muscle thickness did not affect daily gain (Table 4) (Table 4) .
Slaughter Weight and Carcass Composition.
Least squares means for slaughter weight are provided in Table 6 . To reiterate briefly, steers were compared at a constant shrunk weight within frame size classification; target slaughter weights were 408, 499 and 590 kg for S, M and L steers, respectively. As a result of incorporating these specific slaughter weights into the design of the experiment, significant differences in slaughter weight were observed only among steers differing in frame size (Table 6 ). Correspondingly, it should be noted that throughout the remainder of this report tests of significance for terms in the least squares model that do not include frame size (D, M and D • M) represent weight-constant contrasts, whereas those for terms that do include frame size (F, D x F, F • M and D • F • M) represent contrasts among steers slaughtered at different weights, but at "theoretically similar" positions on their respective growth curves.
Weights of separable muscle, bone and fat in carcass sides are compared in Table 6 . Subclass differences in carcass fatness were examined using means for percentage carcass fat, and contrasts of the relative proportions of muscle and bone, independent of differences in fatness, were evaluated using means for muscle-to-bone ratio (Berg and Butterfield, 1966) . Percentages of muscle and bone reflected differences in carcass fat percentage and muscle-to-bone ratio and have been excluded from tabular presentation to avoid redundancy. Values for these traits can be approximated using weights presented in Table 6 .
Least squares means corresponding to the diet main effect in Table 6 provide a direct contrast of diet-related differences in carcass composition among steers of the same frame size, muscle thickness and slaughter weight. Elsley et al. (1964) and Fowler (1968) advocated comparing carcass composition data for animals fed different diets at a constant muscle plus bone weight to eliminate weight-related differences in carcass fatness. It is noteworthy that in this study muscle plus bone weights for the three dietary treatment groups (data not shown) did not differ (P > .05). The most pronounced effect of diet on carcass composition was exerted on the fat component of the carcass. Weights of separable carcass fat were highest (P < .05) for grain-fed steers, intermediate for silage-fed cattle and lowest (P < .05) for steers finished on the forage diet (Table  6 ). As a result of these differences in fat weight, chilled side weight followed a similar pattern of variation (grain > silage > forage). The main effect of diet caused percentage carcass fat to increase as energy density of the diet increased (P < .01). However, the D x F interaction was significant. The effects of grain and forage on percentage carcass fat did not depend on frame size, whereas the effect of silage did. Within the L class, carcasses produced by silage-fed steers were similar in fatness to those produced by their forage-fed counterparts, whereas among S cattle, silage-fed steers produced carcasses that were comparable in fatness to those from grain-fed steers. Weights of separable muscle were similar for steers finished on the different diets; however, separable bone weights were lowest (P < .05) for grain-fed steers. Consequently, steers finished on the grain diet produced carcasses with the highest (P < .05) muscle-to-bone ratios.
Frame size was a significant source of variation for all carcass traits (Table 6 ). Differences in weights of the chilled side and its component tissues (L > M > S)stemmed from among-class differences in slaughter weight that were incorporated into the design of the experiment. Examination of least squares means for fat percentage (Table 6 ) revealed that within the grain and forage treatment groups, carcasses produced by L, M and S steers were similar with respect to separable fat percentage. However, within the silage treatment group, S steers produced fatter (P < .05) carcasses than did L steers. Least squares means corresponding to the frame size main effect indicated that L steers had lower carcass muscle-to-bone ratios than their smaller-framed contemporaries. However, the F x M interaction was significant, and when the subclass means for this interaction were tested, differences in muscle-to-bone ratio among the frame sizes were not significant (P > .05 ; Table 6 ).
Muscle thickness influenced carcass composition primarily via its effect on weight of separable muscle, resulting in group differences in muscle-to-bone ratio (Table 6 ). In general, means for muscle-to-bone ratio were highest for No. 1 steers, intermediate for No. 2 steers and lowest for cattle in the No. 3 group. However, it is important to note that differences in muscle-to-bone ratio among muscle thickness groups were most pronounced within the L Tatum et al. (1986a) reported a similar F x M interaction for muscle-to-bone ratio that was attributed to known breed differences in carcass muscularity. Significant differences among the muscle thickness groups in weight and percentage of separable carcass fat (Table 6 ) essentially reflected the superior muscle development of the No. 1 steers. When cattle of the same frame size are compared at a common weight, as is the case in Table 6 , animals with superior muscularity have a higher proportion of separable muscle and a lower proportion of separable fat in their carcasses, compared with cattle with inferior muscle development. Mean differences in carcass fat percentage followed a pattern of variation very similar to that observed for muscle-to-bone ratio, and were significant only within the L and M classes (Table 6 ).
Discussion
Frame Size and Growth Rate. The concept of using feeder cattle frame size to reflect prospective growth rate is based on the fact that an immature animal's skeletal size at a given age (i.e., its frame size) is indicative of its eventual mature size (Brown et al., 1983) . Because there is a strong genetic relationship between mature size and growth rate in cattle (Brinks et al., 1964; Cartwright, 1970; F itzhugh, 1976) , it follows that a feeder calf's frame size would reflect its genetic potential for growth during finishing. Brungardt (1972) , Adams and Smith (1979) and Tatum et al. (1986a) observed a positive relationship between feeder cattle frame size and growth rate among steers finished on high-concentrate diets. Results of the present study suggest that the relationship between frame size and growth rate is affected by energy content of the finishing diet and that differences in growth rate among L, M and S steers become less pronounced as energy density of the finishing diet is reduced. Genotype x nutrition interaction effects on growth rate, similar to those reported in our study, have been observed in young bulls by Langholz (1978) , Rohr and Daenicke (1978) and Geay and Robelin (1979) and in steers by Byers and Parker (1979) .
Frame Size, Slaughter Weight and Carcass Fatness. Research has shown that cattle of diverse frame sizes, when fed and managed alike, attain a specific degree of carcass fatness at different weights (Brungardt, 1972; Butts et al., 1980; Tatum et al., 1986a) , but at a similar fraction of their respective mature weights (Taylor, 1985) . Because frame size is indicative of mature size (Brown et aI., 1983) , evaluations of frame size are effective for use in projecting the weight at which a feeder calf will produce a carcass of a specific degree of fatness (Butts et al., 1980; Tatum et al., 1986a) . A critical question concerning application of these basic concepts in the USDA feeder cattle grading system is whether the interrelationships among frame size, slaughter weight and carcass fatness are influenced by diet.
It is well documented that beef carcass fatness is influenced by energy density of the finishing diet (Callow, 1961; Berg and Butterfield, 1976; Berg and Waiters, 1983) ; however, there are opposing views regarding the nature of these dietary effects. Because changes in the proportion of carcass adipose tissue parallel changes in body weight (Tulloh, 1964) , it has been theorized that the effect of diet on carcass fat content merely reflects its influence on growth rate and slaughter weight (Reid et al., 1968; Topel, 1973; Lofgreen, 1978) . That line of reasoning implies that cattle of the same degree of maturity (genetically similar cattle of the same weight or genetically diverse cattle compared at the same fraction of their potential mature weights) would be similar in carcass fatness despite differences in nutritional history. Evidence to that effect has been reported (Guenther et al., 1965; Topel, 1973; Murray et al., 1974; Jesse et al., 1976) . However, there also is a substantial body of evidence that suggests that diet influences fat deposition independent of the effects of slaughter weight, causing cattle fed different diets to vary in carcass fatness even at similar degrees of maturity (Henrickson et al., 1965; Waldman et al., 1971; Andersen, 1975; Byers and Rompala, 1979; Geay and Robelin, 1979; Price et al., 1984) .
In the present study, diet was associated with significant differences in separable carcass fat percentage, despite efforts to minimize the effects of slaughter weight and degree of maturity. Moreover, S, M and L steers responded inconsistently, in terms of fat deposition, to dietary effects. On the grain diet, S, M and L steers were similar in carcass fatness. On the silage diet, L steers were leaner than S steers, and both L and M cattle fed silage were leaner than their grain-finished contemporaries. On the forage diet, steers of the three frame sizes were similar in fatness; however, M and S steers were leaner than steers of the same frame sizes finished on silage. The existence of an interaction between diet and frame size may explain some of the inconsistencies in results of previous studies of the effects of nutritional regimen on carcass fatness. Furthermore, these results have important implications regarding the use of frame size in feeder cattle grading. Our findings suggest that the USDA feeder cattle grading standards accurately reflect the live weights at which L, M and S steers, fed a high-energy diet, attain a similar degree of fatness. However, it appears unlikely that these same weights would be applicable for cattle finished on lower energy diets.
Feeder Cattle Muscling and Carcass Muscleto-Bone Ratio. Studies that have examined the effects of diet on carcass muscle-to-bone ratio have produced inconsistent results. Although a number of studies have shown that diet has little or no effect on muscle-to-bone ratio (Callo w, 1961 ; Henrickson et al., 1965 ; Waldman et al., 1971; Rompala et al., 1984) , evidence to the contrary has been reported (Guenther et al., 1965; Purchas and Davies, 1974; Andersen, 1975; Dolezal et al., 1982) . Murray et aI. (1974) monitored carcass composition of Angus steers grown from 300 to 440 kg at three different rates: high (H = .8 kg/d), low (L = .4 kg/d) and high-maintenance (HM = .8 kg/d followed by a period of zero growth). The steers were slaughtered at constant live weights (300, 330, 363, 400 and 440 kg), but at different ages (L and HM steers were slaughtered at common ages; H steers were younger). Comparison of the groups at the same dissected side weight revealed that muscle weights were comparable for the three groups; however, weight of bone was significantly greater for the L and HM groups. These results were interpreted to indicate that the absolute growth rate for muscle was reduced by restricting dietary energy, whereas the growth rate of bone was unaffected by nutritional treatment. The authors attributed the differences in bone weight, observed among the treatment groups at a constant side weight, to the greater age of animals in the L and HM groups at slaughter.
Similarly, Guenther et al. (1965) reported data showing significant effects of plane of nutrition on relative development of muscle and bone in Hereford steers compared on both age-and weight-constant bases. In their study, steers were fed for live weight gains of .91 kg/d (high plane) or .77 kg/d (moderate plane). "High" steers had higher carcass muscle-tobone ratios than "moderate" steers of the same age (10.8 and 14.3 mo) and live weight (approximately 375 and 430 kg). Furthermore, their results showed that the growth rates of muscle and bone were affected differentially; plane of nutrition influenced the growth rate of muscle (high > moderate) but had no effect on the growth rate of bone. Consequently, nutritional effects on carcass tissue growth were manifested as differences in muscle weight, whereas bone weight tended to be more closely associated with age than with differences in plane of nutrition. As a result, when steers were compared at constant ages, "high" and "moderate" steers had similar bone weights, but steers finished on the "high" plane had greater muscle weights (due to their superior growth rates for muscle). Conversely, when "high" and "moderate" steers were contrasted at the same weight, they had similar muscle weights, but "moderate" steers had heavier bone weights (due to their older age).
Results of the present study, concerning the effects of diet on the relative development of muscle and bone, were almost identical to those described above. However, the relationship between muscle thickness classification and muscle-to-bone ratio was not influenced by dietary effects.
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